is the only living species of the bison genus in the Old World. It is the largest, wild, herbivorous mammal living in Europe. As a result of the efforts of biologists, the European bison has been saved as a species. In Poland, they were reintroduced into the natural conditions of the Bialowieza Forest. By 2011, this herd of free-living bison comprised more than 700 animals. The aim of the present work was to determine tissue levels of magnesium in free-living bison. Samples for the investigations were collected during the winter, from 20 European bison aged from five months to five years culled as part of the annual management programme. Segments of rib, muscle, liver, kidney, hoof and hair were collected. With regards to the gender and age of the animals studied, magnesium content in particular tissues was as follows: in the liver, magnesium content was significantly higher in the group of males; in rib, muscle and kidney there were no statistically significant differences between groups; in hair and hoof wall, a significantly higher magnesium content was found in the group of calves.
The European bison (Bison bonasus) is the only living species of the bison genus in the Old World. It is the largest, wild, herbivorous mammal living in Europe. It can reach a height of 2 m at the withers, and body weight of the largest males can exceed 1000 kg. As a result of the efforts of biologists, the bison has been saved as a species. In Poland, they were reintroduced into the natural conditions of the Bialowieza Forest [http//www.bison.zbs.bialowieza.pl]. By 2011, this herd of free-living bison comprised more than 700 animals. The bison belongs to the subspecies of lowland bison (Bison bonasus bonasus). Investigations performed so far have revealed that the European bison is not very discriminating about the food it eats; its diet comprising up to 90 plant species. The magnesium content in plants found in the Białowieża Forest, i.e. the potential fodder of the European bison investigated, ranged from 1.40 mg·g -1 of dry matter in the bark of trees to 2.24 mg/g of dry matter in dicotyledonous herbs [1] . The results of investigations by Debska [2] , revealed a magnesium content in samples of herbaceous forest plants of 0.23% of dry matter, which represents a rather lower magnesium content as compared to the reference data for ruminants cited by other authors [3, 4] . Similar results for herbaceous plants from the Bialowieza Forest area were obtained by Dymnicka [5] and Kosla [1] . The average reference value for magnesium content in green forage is 0.34%, dry wt/wt, with a range of 0.21 to 0.55% dry wt/wt [3] . In the bark of deciduous trees, a range of between 0.08 and 0.12% magnesium of dry matter was observed doi:10.1684/mrh.2012.0312 on average, depending on the year of the investigations, and in the bark of spruce from 0.05 to 0.08%, respectively [2] .
While analysing the rumen content of the European bison, Gebczynska et al. [6] noted that the diet included up to 90 plant species. The main mass of the bison's diet comprised grasses, sedges and rushes (77.98%), the proportion of herbs was smaller (16.29%) and tree and shrub shoots comprised only 5.72% of the total diet [7, 8] . Up to 80% of the population used supplementary fodder delivered to fixed locations. Food (mainly hay and silage, occasionally beetroot) provided in winter, at five main and several smaller feeding stations, attracted herds of bison numbering up to 100 individuals [9] .
This study set out to determine the magnesium status of the European bison. Selected tissue samples, collected from individuals of both genders and different ages, were analysed for their magnesium content. The aim of the research was to evaluate to what degree the free-living conditions and subsequent feeding behavior affected magnesium status in these ruminants.
Materials and methods
Samples were collected, in winter, from 20 European bison aged from five months to five years culled as part of the annual management programme in the Polish section of the Bialowieza Primeval Forest. Segments of rib, muscle, liver, kidney and hoof wall were collected in sterile plastic bags, cooled and stored at -20
• C. Hair was collected from the dorsal region into paper envelopes. Soft tissue samples (0.5-1 g) were homogenized prior to mineralisation. Mineralisation was performed using concentrated nitric acid (i.e., 67% , Merck, Darmstadt, Germany), at a 1:50 ratio of sample weight:acid weight, was used, e.g. a sample weight of 0.8 g treated with 40 g of acid, under pressure in a microwave (CEM-81 D, Matthews, NC, USA). A segment of 0.8-1.0 g was cut from the rib, weighed and mineralised as above. Hair samples were degreased with 70% ethyl alcohol in extraction apparatus (SER 148 Velp Scientifica, Usmate, Italy), then they were washed in hot, distilled water and rinsed three times in bidistilled water. Next they were burnt in a muffle furnace (LM 212.11 VEB Elektro, Bad Frankenhausen, Germany) at 450
• C. Ash was transferred quantitatively to the measuring flasks and the solution was acidified with spectrally-pure HCl to 2.5%. The sample was then fragmented, 0.5 g was taken, and the entire procedure was repeated. Samples of hoof wall were burned at a temperature of 450 • C and ash was quantitatively transferred into measuring flasks, adding up to 2.5% HCl.
Magnesium content was determined in the samples (with the exception of hooves) by inductivelycoupled, plasma optical emission spectrometry (ICP-OES) in an accredited laboratory (Polish Geological Institute, National Research Institute, Central Chemical Laboratory, Warsaw, Poland) using the reference material. In the samples of hoof wall, magnesium content was determined in the same laboratory using the inductivelycoupled plasma mass spectrometry (ICP-MS) method.
The results obtained were subjected to statistical analysis using Statistica software (StatSoft, Inc., Kraków, Poland). The data were submitted in the form of arithmetical means and standard deviation. In calculations, a median was also employed and upper and lower quartiles were determined. Statistical analysis of the results obtained was conducted based upon the one-way analysis of variance, ANOVA module. The age of the animals (calves up to one year of age, and animals older than two years) and their gender were used as a grouping variable. For statistical comparisons between the particular groups, the test of least significant difference (LSD) was used, adopting a significance level for p≤0.05 and p≤0.01. The magnesium values were expressed as mg/kg wet weight for rib, muscle, liver and kidney, as mg/kg of air-dried weight for hair, and as mg/wt dry matter for hooves.
Results
The magnesium content of the European bison samples studied, according to gender and age, are presented in tables 1 and 2. The highest concentration of magnesium was found in the rib, where it averaged 1362 mg/kg of fresh tissue with no significant differences demonstrated between gender or age. Magnesium content in muscle was, on the average, 418 mg/kg of fresh tissue. Statistical analysis showed no significant differences in magnesium content of the muscles regardless of In the kidney of the European bison, the average magnesium concentration amounted to 270 mg/kg. Statistical analysis showed no significant differences regardless of gender or age.
In hair, magnesium concentration averaged 97.3 mg/kg of air-dried sample. No significant difference was observed between genders, however, there was a significant difference depending on age. The group of calves up to one year of age had significantly higher levels of magnesium in hair than the group of animals older than two years.
Magnesium concentration in the hoof wall on average amounted to 147 mg/kg of dry matter. Despite quite large differences between the group of males (164 mg/kg) and females (135 mg/kg), analysis of variance did not prove their significance. However, the age-dependent difference was significant. Hooves of calves were richer in magnesium (156 mg/kg) than hooves of older animals (110 mg/kg).
Discussion
In the present work, we provide values for magnesium concentrations in various tissues from animals of various ages and both genders. Because there are few available data for bison in the literature, we will also refer to other herbivorous species in the discussion.
Assuming that dry matter comprises 75% of fresh rib [10, 11] , it is possible to describe our own results as similar to the values obtained in the samples of horse bone. In fact, the concentration of magnesium in the metatarsal bone of a horse presented average values from 1,605 to 1,771 mg/kg of dry matter [12] . Similar data for magnesium concentrations in the muscle of European bison were obtained by Kosla and Anke [12] in horses, where there were no significant 3 Magnesium content in dry matter of corned paries of the hoof (hoof wall) a Statistics: differences significant at p≤0.05 differences as regards gender and age. The average concentration of magnesium in the liver in our study was higher than in the study by Debska [8] , who showed similar values for both genders. The concentration of magnesium in the liver of European bison appears to be slightly higher than the values for bison and cattle [13] . No significant difference depending on age in our own investigations was observed. While analysing the liver of European bison from the closed breeding and free-ranging herds, Debska [2] did observed no significant differences. The same author observed significant differences between calf group and adult animals. Magnesium concentrations in the kidneys of European bison were higher than data published by Puls [13] for cattle and bison, which was found to be 50-200 mg/kg of fresh tissue and also higher than the data obtained in the kidney of European bison by Debska [2] , which for healthy males was found to be 184.40 mg/kg of fresh tissue.
The results obtained for magnesium in hair were lower than those for cattle (130-455 mg/kg) [13] , but they were slightly higher than those obtained by Debska [2] for the coat of European bison both from the closed breeding and freeranging groups (88.56 and 85.83 mg/kg). This could be linked to the dependence of hair and its colour on the magnesium content [14] . Puls [13] reports the magnesium content in the black hair of cattle, however, the brown coat of the European bison is characterised by a lower magnesium content [1] , which was also demonstrated in horse coat [12] . While analysing magnesium content in the coat of European bison, Debska [2] observed a significant, age-dependent difference between the group of young bison (1 to 4 years) and a group of older bison (>4 years). Owing to the small number of animals aged two-four years in our own research, different rules for grouping were accepted, and because of that the comparison of results was not possible.
No comparative material concerning hooves of European bison was found. Drozdz [15] investigated magnesium content in the hooves of cattle. In the hoof wall of the Lowland black-and-white cows, he found on average 186 mg/kg of magnesium, and in the hoof wall of various varieties of domestic Holstein-Friesian cows, the average for groups ranged from 180 to 250 mg/kg. Thus, it may be concluded that the hoof wall of the European bison had a lower magnesium content than the hoof wall of various breeds and domestic varieties of dairy cows.
Conclusion
The present study has provided data for magnesium concentrations in the European bison, and will be helpful as a reference for future studies on the physiology, pathology and nutrition of this particular species.
